The usual grounds for the inclusion of a plasmid in a particular incompatibility group are its mutual incompatibility with a type plasmid of that group, and, in some cases, the demonstration of shared regions of specific homology, presumed to be related to DNA replication. We have found that some plasmids classified as IncFI on genetical grounds share no homology with the previously described incompatibility regions of F on the basis of hybridization of specific radioactive probes to restriction enzyme digests of DNA from these plasmids. Others show homology with some or all of the regions of the F plasmid that can express incompatibility. The incompatibility behaviour of these plasmids has been examined to determine the relationship between the possession of regions of homology and the expression of incompatibility. Three plasmids, ColV3-K30, pHH507 and Entp307, show homology only with the secondary replicon of F and appear to use sequences homologous with the secondary F replicon in their replication. The results are consistent with the propositions that some contemporary IncFI plasmids arose by the integration of several replicons, and, in general, the replicon not being used for replication expresses its incompatibility, as does the replicon being used for replication. We conclude that incompatibility of two plasmids with F does not necessarily demonstrate relatedness of the plasmids to each other, and that inclusion within the IncFI group can result from the possession of any of several combinations of inc sequences.
Molecular Homology and Incompatibility in the IncFI Plasmid Group
The usual grounds for the inclusion of a plasmid in a particular incompatibility group are its mutual incompatibility with a type plasmid of that group, and, in some cases, the demonstration of shared regions of specific homology, presumed to be related to DNA replication. We have found that some plasmids classified as IncFI on genetical grounds share no homology with the previously described incompatibility regions of F on the basis of hybridization of specific radioactive probes to restriction enzyme digests of DNA from these plasmids. Others show homology with some or all of the regions of the F plasmid that can express incompatibility. The incompatibility behaviour of these plasmids has been examined to determine the relationship between the possession of regions of homology and the expression of incompatibility. Three plasmids, ColV3-K30, pHH507 and Entp307, show homology only with the secondary replicon of F and appear to use sequences homologous with the secondary F replicon in their replication. The results are consistent with the propositions that some contemporary IncFI plasmids arose by the integration of several replicons, and, in general, the replicon not being used for replication expresses its incompatibility, as does the replicon being used for replication. We conclude that incompatibility of two plasmids with F does not necessarily demonstrate relatedness of the plasmids to each other, and that inclusion within the IncFI group can result from the possession of any of several combinations of inc sequences.
I N T R O D U C T I O N
Plasmid incompatibility is defined operationally as the inability of two plasmids to coexist stably in the same cell line. This phenomenon has allowed the division of plasmids into a large number of groups on the basis of their mutual incompatibility (Datta, 1977) . Plasmids that are able to coexist are assigned to separate groups: those that are incompatible are placed in the same group. It has been assumed that incompatibility is a property of two plasmids whose maintenance is controlled by the same mechanism : hence incompatibility has been attributed to interference with DNA replication per se or to disturbances in the orderly segregation of newly replicated plasmids to daughter cells (reviewed by Datta, 1979; Timmis, 1979) . Palchaudhuri & Maas (1977) examined the homology between several members of the IncFI group by electron microscope heteroduplex analysis and concluded that these incompatible plasmids carried a common 2.2 kilobase (kb) homologous segment in the region known to be responsible for vegetative replication of the classical F plasmid. Compatible plasmids showed no homology with F in this region. Recent work in several laboratories (Manis & Kline, 1978; Kline, 1979; Kline & Lane, 1980 ; T. Murotsu and T. Hashimoto-Gotoh, personal communications; Gardner et al., unpublished) has allowed a finer definition of the incompatibility loci of F, and to date, three regions, termed incB, incC and incD have been found in the primary replicon of F (EcoRI fragment f5).
All of the primary replication functions of the F plasmid are located within the 6.1 x lo6 f 7 region (incE, F kilobase coordinates 32.8-40-3). A plasmid carrying f7 (pPB093) was isolated after cloning a complete digest of F into pAC184. pPB093 was digested to completion and the f7 fragment was isolated as above.
KpnI fragments off 7. The three fragments, Kpn-A, Kpn-B and Kpn-C, were prepared by combined EcuRI and KpnI digestion of pPB093 and separation on low melting point agarose gels as described above.
Hybridization. DNA from EcuRI digests of the IncFI plasmids was coupled to diazobenzyloxymethyl (DBM)-paper as described by Wahl et al. (1979) . The same paper was used for hybridization with several radioactive probes. After the initial hybridization, the radioactive probe was removed by washing the paper in 250 ml 0.4 M-NaOH for 10 min at 4 "C and twice in 1.0 M-acetate buffer, pH 4.0. This procedure was repeated until the radioactive probe had been completely removed as determined by radioautography. The paper was stored dry at room temperature in between cycles of hybridization.
Incompatibility. Our estimates of incompatibility between various IncFI plasmids are based on a test system that combines both the establishment test and the maintenance test described by Taylor & Cohen (1979) . Exconjugant cells were purified on media selective for the incoming plasmid only, and the cells were examined for the presence of the parental plasmids by gel electrophoresis. If both were present, representative colonies were picked from selection plates and resuspended in minimal medium, diluted to lo3 cells ml-' and grown to saturation in a non-selective medium (L-broth). The cells were then spread on L plates, incubated for 24 h at 37 OC, and t Tn5 and Tn7 were transposed on to ColV2-K94, ColV3-K30 and pHH507 from pMB8::Tn5 and ColE::Tn7 according to the method of So et al. (1978) . Plasmids were transferred into these strains of Escherichiu coli as appropriate for the particular test to be carried out, except for Entp307, which was only used in the pro trp hisphe nal-r chromosomal background in which it was received by us.
replicated to selective plates to determine the frequency of segregation of each of the parental plasmids. Representative colonies from this test that showed one or other of the parental plasmid phenotypes (or both) were examined for their plasmid content by gel electrophoresis of cleared lysates.
In agreement with the results of Santos et al. (1975) , we found that Entp307 (referred to hereafter as p307) could not be transferred to other strains, and consequently was the resident plasmid in all incompatibility tests in which its behaviour was examined. Purified exconjugant or transformant colonies were grown without selection as described above, and were replicated for the resistance or nutritional markers of the incoming plasmid. The genetic results were confirmed by lysis of representative colonies after growth in L broth and examination of their plasmid content using a cleared lysate method.
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Other methods. Media, agarose gel electrophoresis, nick translation of fragments. and DNA preparation have been described previously (Jamieson & Bergquist, 1977; Jamieson et al., 1979; Lane & Gardner, 1979; Bergquist et al., 1980) .
R E S U L T S
Some preliminary results using the f5 fragment as a probe for other purposes suggested to us that there was a lack of uniformity in the extent of sequence homology between several typical IncFI plasmids. As a result, we re-examined the molecular and genetical basis of incompatibility classification within the group.
Examination of IncFIplasmids using specijic probes Recent studies of the F plasmid using cloned derivatives have revealed that it contains multiple loci determining incompatibility reactions (Manis & Kline, 1978; Kahn et al., 1979; Kline, 1979; Lane, 1981) . Figure 1 shows the four regions of F that have been shown to express incompatibility against other IncFI plasmids. We have examined the question of whether all plasmids of the IncFI group carry all four determinants or whether there is heterogeneity among its members. We have used both 'Southern blots' (Southern, 1975) and hybridization to DNA restriction fragments coupled to DBM-paper to explore the relationships between the IncFI plasmids (see Figs 2 and 3). Figure 2 shows an example of the EcoRI fragments from some of the plasmids examined, together with two radioautographs of the fragments after they had been coupled to DBM-paper and hybridized first with f5 and then with f7 radioactive probes. Figure 3 shows radioautographs of the individual incompatibility determinants of the f5 region hybridized to restriction fragments of the same nine plasmids shown in Fig. 2 , but the digests shown in Figs 3 (b) and 3 (c) have been electrophoresed on separate gels and transferred to separate sheets of DBM-paper. Table 2 lists the molecular weights of the restriction fragments to which the various probes hybridized.
The secondary replication region of F, EcoRI fragment f7, has been shown to express incompatibility (Lane & Caughey, unpublished; this paper), and we have termed the region responsible incE in this paper (for a description of the incompatibility nomenclature for F, see Kline & Lane, 1980) . However, the genes responsible for the inhibition of female-specific bacteriophage @if; Skurray et al., 1976) are located in part of the f7 fragment of F. Since several of the IncFI plasmids tested show the pifphenotype, at least some of the hybridization seen may be attributable to pifhomology. This point is discussed below. Table 2 shows that some plasmids closely resemble the archetypal F plasmid in that they hybridize to all four probes. All plasmids gave identical patterns to the incC result when hybridized with the combined incB,C fragment from pNZ410 (results not shown). Such plasmids, for example, F, pIP162-1 and R453, are characterized as carrying the in@, C, D and E incompatibility determinants. R455 and R456 have EcoRI restriction patterns virtually identical with R453, and since the hybridization patterns of R453, R455 and R456 are identical, these three plasmids are discussed together under the heading of R453. Along with RGN238, PIP 162-1 and PIP 162-2, they all have the incB, C, and D determinants on a single EcoRI fragment, and they also resemble F itself in that there is an EcoRI site separating incE from incB, C and D . Plasmids PIP 162-1 and PIP 162-2 show identical patterns, as expected, since they are independent segregants of pIP162 (Chabbert & Gerbaud, 1974) . The plasmid TP18 1 has incE on the same restriction fragment as incB, C and D .
Other plasmids show different patterns (Figs 2 and 3; Table 2 ). The incC and incD probes hybridize to single high molecular weight fragments of ColV and ColV2-K94, and the incE probe hybridizes only to a lower molecular weight fragment of each plasmid. R386 shows homology only with incD and incE, which are on separate EcoRI fragments. The other plasmid which hybridizes with the incD and E probes, R773, has a high molecular weight fragment with incD homology and two lower molecular weight fragments hybridizing to incE. the assignment of the functions and the restriction enzyme cleavage sites in the f5 and f 7 fragments are described in detail in Lane ( 198 1). ori-l and ori-2 are the primary and secondary origins of replication; 2" rep is from Gardner (1979) ; pif is from Skurray et al. (1976) ; the incFI homology region (here termed incD) from Palchaudhuri & Maas (1977) ; sta is the stability function associated with incD (Lane & Gardner, 1979) . Regions of sequence homology with the F replication regions, as determined by heteroduplex analysis (Palchaudhuri & Maas, 1977) , are shown as hatched blocks in the lower part of the figure. The restriction enzyme cleavage sites for EcoRI (RI) and KpnI (Kp) are indicated. In other experiments, no hybridization has been found with any of the smaller fragments not present here. The fragments were transferred to DBM-paper (Wahl er al., 1979) and hybridized with a nick-translated fragment carrying one of the inc determinants as described in Methods. After radioautography, the hybridized DNA was removed from the paper, which was then rehybridized to a different radioactive incompatibility determinant. Lane 1, F; 2, pIP162-1; 3, pIP162-2; 4, R773; 5 , p307; 6, ColV3-K30; 7, R453; 8, ColV2-K94; 9, R386. The sizes of some of the fragments that hybridized are listed in units of lo6 daltons (see also Table 2 ). (Southern, 1975 ). t Hybridization by f 7 is presumed to be due to incE homology (see Table 3 ).
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$ Hybridization to the 4.9 x lo6 dalton EcoRI fragment is due to homology with a 0.7 kb Pst-Xho fragment 8 R455 and R456 gave similar results.
outside the incB,C region.
There appears to be only limited homology with the 2.4 x lo6 dalton EcoRI fragment of R773, and it is probable that these two f7 fragments are contiguous in the intact plasmid. The fact that only the Kpn-A fragment hybridizes to the 2.4 x lo6 dalton fragment shows that it is not part of the incE region and may be homologous with pif(see next section and Table 3 ). Two other plasmids that show unique patterns in these hybridization experiments are PIP 180, which displays homology only to incD, and PIP 174, which lacks the incE region completely, but shows hybridization to incB, C and D.
The plasmids ColV3-K30, p307 and pHH507 provide the most surprising results, since they hybridize only to the secondary replication region of F. The result for p307 is contrary to the conclusions of other workers. Palchaudhuri & Maas (1 977) showed by heteroduplex analysis that this plasmid had homology in the incD region and could be classified as IncFI on the basis of orthodox genetic testing (Santos et al., 1975) . Similarly, Datta (personal communication; Datta et al., 1979) , has classified pHH507 as IncFI on the basis of its incompatibility with F-lacf when used as a donor plasmid. These plasmids were re-examined for their incompatibility reactions with other IncFI plasmids, including pIP234, which showed no hybridization to any of the probes employed ( Table 2 ).
Hybridization to t h e n fragment of F We have assumed that the homology with the f7 fragment can be equated with an incompatibility region expressed by the IncFI plasmids. The genes responsible for inhibition of the growth of female-specific bacteriophage (Pi0 also are located in the f7 fragment in the vicinity of F kilobase coordinate 38 (Skurray et al., 1976) . The expression of the Pif+ phenotype by mini-F plasmids depends on the f5-f7 junction of F remaining intact (Lane & Gardner, 1979) . Hence the genetic loci are located at the right and left ends of the two fragments (Fig. I) , and the homology seen between the radioactive f 7 probe and the various EcoRI fragments of the IncFI plasmids could represent sequence identity in the pifregion and may be unrelated to incompatibility. We examined this possibility by using as probes the three Kpn subfragments of the f 7 fragment (Fig. 1) . The Kpn-A fragment contains the pif f 7 portion of the locus, and the Kpn-B and Kpn-C fragments include the replication region of the secondary replicon (Gardner, 1979) . Table 3 shows that with the exception of R386, the three f 7 subfragments all hybridize to the same EcoRI restriction fragments of each of the incFI plasmids as the entire f 7 fragment. R386 does not show hybridization to the A fragment. Tables 4, 5 and 6. Table 4 shows some results for plasmids which have D N A homology in all four incompatibility regions. These reciprocal incompatibility assays show quite clearly that where both plasmids carry incB, C, D and E , they are completely incompatible. The same result is found for incompatibility tests between plasmids with the four incompatibility determinants and those with either two or three incompatibility determinants. These results are in accord with those of other workers for plasmids considered to be typical of the IncFI group (e.g. Datta, 1977 Datta, , 1979 . However, pIP180, which carries only incD, is compatible with F'-gal+ when used as the resident plasmid but is incompatible when employed as the incoming plasmid.
Genetical tests for incompatibility The details of pertinent incompatibility tests are shown in
One plasmid in the series we tested, pIP234, was placed in the IncFI group by virtue of its incompatibility with ColV2-K94 (Le Minor et al., 1976) . Not only have we found no hybridization of the incB, C, D and E probes to restriction enzyme fragments of this plasmid, 
(-4
(a E ) (El (-) ( -1 Table 2. t pIP234 shows 2-5% segregation of Lac-colonies under non-selective growth conditions in the absence of another plasmid in all strains in which it has been examined.
but it is compatible with all IncFI plasmids tested (including ColV2-K94 : : Tn5). Unlike other IncFI plasmids which show one-way incompatibility with members of the IncH1 group (Datta, 1979) , pIP234 is compatible with R27 (incH1) as incoming or resident plasmid (Table 4) . Plasmid pIP234 probably does not belong in the IncFI group. The incompatibility behaviour of ColV3-K30 is of interest since this plasmid does not The incompatibility reactions between the plasmids listed in this table were weaker than those in Table  4 . Consequently, it was possible to obtain exconjugants carrying both plasmids after selection for the incoming plasmid only (except for F'-lac+ as incoming plasmid). Exconjugants carrying both sets of plasmid markers were examined for the physical presence of both plasmids, and were then grown under non-selective conditions to obtain the results listed below. A representative sample of the colonies was examined by electrophoresis to ensure that the two plasmids were present in the examples given as compatible, and that only the donor plasmid was present where the two plasmids were judged to be incompatible. Table 51 , as is pHH507, which also carries only incE (and which, itself, is incompatible with R386). However, an F'-lac+ derivative which carries a deletion from F kilobase coordinates 33 to 43 (Anthony et af., 1974), and therefore lacks incE, is compatible with ColV3-K30 : :Tn5. This result suggests that ColV3-K30 replicates from a region analogous to the secondary replicon of F, and expresses the incompatibility associated with this region. We examined the incompatibility relationships between ColV3-K30 : : Tn5 and PAC 184-f7, since plasmids composed only of f 7 and an antibiotic resistance determinant are unstable (Lane & Gardner, 1979) . By itself, pAC184 is compatible with ColV3-K30, pHH507 and p307. The results presented in Table 5 suggest that the incE region is the primary determinant of incompatibility of ColV3-K30, since it is compatible with the incB,C,D (f5) region cloned into PAC 184 but is incompatible with PAC 184-incE ( f 7 ) . It is surprising that the presence of f7 in a high copy number vector results in only a moderate degree of incompatibility against ColV3-K30. Possibly the PAC 184 vector partly represses incE expression in the PAC 184-f7 hybrid plasmid. Table 6 . Incompatibility reactions of p307 and pHH.507
P . L . B E R G Q U I S T A N D O T H E R S
The incompatibility tests were performed as described as for Table 2. t Colonies were checked for the incoming plasmid selective markers. Cleared lysates were made of 15 representative colonies and their EcaRI restriction patterns were compared with those for pHH507 and p307. $ Exconjugant colonies from tests with p307 were examined for the segregation of the drug-resistance of the incoming plasmid only. Cleared lysates of a small sample (12-24) of the exconjugant and segregant colonies were examined for their plasmid content by gel electrophoresis.
The majority of the plasmids we have examined show DNA homology with the incE region ( Table 2) . Two other plasmids, p307 and pHH507, also show hybridization only with a probe made from this region (Fig. 2) . We have been able to perform only one-way incompatibility tests between these two plasmids, since we have been unable to use p307 as the donor (see also Santos et al., 1975) . Table 6 shows that pHH507 and p307 are incompatible, as judged by agarose gel electrophoresis of lysates of a sample of colonies taken after the analysis of segregation. These two plasmids have similar molecular weights and it is difficult to distinguish between them on gels. However, confirmation of the presence of pHH507 or p307 in segregants was provided by an examination of the EcoRI restriction fragments of plasmid DNA isolated from cleared lysates. The patterns for the two plasmids can be easily distinguished and, for example, the Tc' segregants had the EcoRI fragment pattern of p307 whereas the segregants that remained Tc' showed the pattern of pHH507.
Other plasmids are more readily distinguished from p307, and Table 6 shows results with R386 (incompatible as judged from agarose gel analysis of lysates of segregants) and various cloned derivatives of F. Since incB,C,D, incB,C,D,E and incE determinants cloned into pAC184 are compatible with p307, it appears likely that this plasmid may not rely solely on the secondary replicon-like sequences for its replication (see Discussion). The incD determinant (incF1 of Palchaudhuri & Maas 1977) has been cloned into a high copy number ColEl-derived vector (pHC79) to form pNZ109 and this plasmid is also compatible with p307, a result which is in accord with our inability to demonstrate homology between the incD region and EcoRI digests of p307. Table 6 shows that ColV2-K94 and pHH507 are weakly incompatible. It should be noted that ColV2-K94 was preferentially retained in segregation tests whether it was the incoming or the resident plasmid. This result suggests that ColV2-K94 has an alternative replication system, but carries a form of the f7 replicon that reacts less strongly with pHH507 than does that of F'-lacs or p307.
D I S C U S S I O N
Our data on the homology between the incompatibility regions of F and the other IncFI plasmids show that 8 out of 17 plasmids carry all four inc regions, and only 6 of the 15 possible combinations of determinants have been identified. Two plasmids carry incC, D, and E, two carry incD and E, and three carry incE only. The data presented in Table 2 show also that in general incB, C and D, when present, are located on the same EcoRI fragment, and, except for TP 18 1, incE is on a different restriction fragment from incB, C and D. Some of the plasmids that have been classified in the incFI group on genetical grounds show no homology with the known incompatibility regions of the primary mini-F (f5) replicon. Three of these plasmids, ColV3-K30, pHH507 and p307 show homology only with the secondary replicon of F. We do not claim that these replicons and the secondary replicon of F are identical, but rather that they share homology and interact by way of incompatibility. This suggestion is supported by the homology shown for each plasmid with the region of f 7 involved in replication (Table 3) .
The results we report here are at variance with those of others. In particular, the claim for a specific homologous region in the IncFI group proposed by Palchaudhuri & Maas (1977) does not correspond to the results we obtain by hybridization to specific restriction enzyme fragments. Examination of their heteroduplexes for p307, pRS5, ColV2-K94 and R3 86 shows a second area of hybridization that corresponds to all or part of the incE region in these plasmids, as well as double-stranded areas in the vicinity of incD (see Fig. 1 ). Not only can we not account for the conflicting results obtained for hybridization between incD and p307, but their data and ours are not in agreement with respect to the homology within the incE regions. For example, we would not expect our Kpn-A fragment to hybridize to any fragment of ColV2-K94, and only Kpn-A should hybridize to the digest of R386, whereas the opposite result was found in our experiments. We have no explanation for these discrepancies but we believe that the technique of hybridization of specific probes to defined restriction fragments is less open to misinterpretation than heteroduplex formation between large plasmid molecules.
The genetic data on incompatibility are less clear-cut than the results of the hybridization tests. The seven plasmids which show homology with all four determinants display unambiguous mutual incompatibility reactions that are typical for the IncFI class. Three plasmids carry three of the four determinants but their incompatibility behaviour within the set and with the plasmids carrying incB,C,D and incE is indistinguishable. One plasmid (PIP 174) carries incB,C and incD; its incompatibility behaviour resembles that of plasmids with the same determinants plus incE except that it is compatible with a Tn7 derivative of pHH507 (incE -data not shown).
The plasmid pIP180 carries only incD. Manis & Kline (1978) showed that a pSC 101 hybrid plasmid (pBK53) containing F D N A equivalent to our incD fragment expressed incompatibility towards F'-lac+. We have confirmed this finding by showing that pNZ 109 (see Methods) causes segregation of F'-gal+ (Gardner et al., unpublished) . Hence neither the primary nor the secondary replicons of F are sufficient to ensure stable F maintenance when incD is present on another plasmid in the same cell. Plasmid pIP180 behaves in a manner analogous to that described above. When PIP 180 enters a cell containing F'-gaf+, its incD locus causes loss of the resident plasmid, whereas when F'-gaf+ enters a cell containing PIP 180, PIP 180 is not lost. These observations imply that PIP 180 replicates via a replicon unrelated to F, and thus its incompatibility behaviour is similar to that of pBK53 (Manis & Kline, 1978) and pNZ 109.
The incompatibility reactions of F'-lac+ and F'-gaf+ with pHH507 (Table 6) can be attributed to the expression of incE. Whereas the former plasmids have alternative functional replicons to the incE region, the latter plasmid apparently does not have an alternative replication system. Hence selection for F'-lac+ causes elimination of pHH507, but F'-lac+ as the resident plasmid is able to replicate when selection is made for pHH507. Comparable results have been obtained for the incompatibility reaction of an autonomous f7 plasmid with pHH507 (pNZ3 10 -Lane & Gardner, 1979; Lane & Caughey, unpublished) .
The notion that incE is responsible for the incompatibility reactions of pHH507 and that this plasmid does not possess an alternative replicon is in accord with the possibility that only plasmids replicating from the incE region express incompatibility with p307 (for example, pHH507 and R386). In contrast, PAC 184-f7, PAC 184-f5 and PAC 184-f5f7 are compatible with p307, since replication is by way of the vector plasmids. Furthermore, the incompatibility of ColV3-K30 with PAC 184-f7 is weaker than with an incompatible low copy number plasmid. These observations suggest that the incompatibility expression by incE is strong only when the sequences are being used for replication.
In a fused replicon such as pSC101-ColEl, the incompatibility of both parents is manifested even though replication is driven by the high copy number component (Cabello et al., 1976) . If the IncFI plasmids are considered to be composed of a set of fused replicons, it might be expected that they should be incompatible with each other in a pattern corresponding to the incompatibility determinants they carry. The results in Tables 4, 5 and 6 show that this notion is generally applicable. However, there is a discrepancy between two plasmids that carry incE only, pHH507 and ColV3-K30. Both plasmids when present in recipient strains are susceptible to the incompatibility expressed by the selected plasmid F'-fac+, but not to that expressed by F'-fac+(A33-43). These results imply that the two plasmids rely solely on an incE replicon for maintenance. No loss of F'-lac+ is observed when the residency status is reversed and pHH507 is the selected plasmid. Presumably the primary (non-in&) F replicon can be used to rescue F replication from the inhibitory effects of imE expression. In contrast, selection for the entering ColV3-K30 plasmid causes loss of F'-lac? The loss is dependent on the incE sequence in F, since F'-lac+(A33-43) is maintained in the presence of ColV3-K30 (Table 5) . Hence in this case the primary F replicon is not sufficient to permit F maintenance in the presence of incE expression. We cannot explain why incE expression by ColV3-K30 should override F maintenance functions while incE expression by pHH507 does not.
The IncFI grouping appears to have arisen from the original classification of plasmids into fi+ and fi-classes (Meynell et af., 1968; Hedges & Datta, 1972) and has come to include a heterogeneous collection of plasmids, some with genes for carbohydrate fermentation, some carrying drug resistance determinants and some possessing the ability to mobilize the bacterial chromosome. Many of these plasmids appear to have been assigned to the IncFI group on the basis of an incomplete examination of their incompatibility relationships. Whereas classification would appear to be unambiguous when two plasmids are unable to coexist in the same cell, some plasmids show weak incompatibility with some members of the group and strong incompatibility with others. If the homology seen with portions of the primary and secondary F replication regions is correlated with the incompatibility reactions observed, then assignment to the IncFI group may have resulted from the possession of any combination of incB, C, D and E sequences. Hence the incompatibility of two plasmids with F need not represent relatedness of the two plasmids to each other, and multiple inc determinants on a single plasmid may lead to cross-reactions between members of different incompatibility groups, for example, between IncFI and IncHl (Willshaw et al., 1978) . Indeed, inspection of Table 2 might suggest that the possession of the incE region is the most common determinant of incompatibility in the IncFI group. It would appear likely that the evolution of the IncFI plasmids has involved repeated replicon fusion events, similar to those detected in vivo between IncN and IncW plasmids (Nugent & Hedges, 1979) . In each such fusion product, one replicon may have assumed the primary responsibility for replicating the plasmid, leaving the others able to undergo a succession of genetic alterations. Eventually, the altered replicons may have become unable to replicate while retaining some of their original properties such as the expression of incompatibility. The incD region, which cannot drive replication of a ColE 1 -derived replicon in a polA1 strain (Bergquist & Malcolm, unpublished) may be the product of this type of evolutionary process. This suggestion is in accord with results reported by Meacock & Cohen (1 979, who have shown that some incompatibility functions of pSC 10 1 are not themselves required for plasmid DNA replication to occur. Perhaps other such regions remain to be found in the large F-like plasmids.
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